Abstract: Gliomas are the most frequent primary brain tumors in adults. As the population ages in Western countries, the number of people being diagnosed with glioblastoma is expected to increase. Clinical management of elderly patients with primary brain tumors is difficult, owing to multiple comorbidities, polypharmacy, decreased tolerance to chemotherapy, and an increased risk of radiation-induced neurotoxicity. A few specific randomized studies have shown a benefit for radiotherapy in elderly patients with good performance status. For patients with poor performance status, chemotherapy (temozolomide) has been shown to be associated with prolonged duration of response. Patients with methylated O 6 -alkylguanine deoxyribonucleic acid alkyltransferase promoter seem to have better outcomes. Oncogeriatrics proposes the geriatric evaluation of elderly patients to improve therapeutic choices and optimize the management of treatment toxicities and comorbidities.
Introduction
Gliomas are the most frequent primary brain tumors in adults. Their prevalence is reported to be increasing in the elderly population. 1, 2 As the number of people in the seventh to ninth decades of life increases, the number of people diagnosed with glioblastoma multiforme (GBM) is expected to increase. Older age is known to be a negative clinical prognostic factor for glioma. 3 Specific management of elderly patients remains controversial, because they are often excluded from clinical trials. However, recent advances in the diagnosis and therapeutic approaches of glioma, as well as biological advances, have led to the development of specific therapeutic approaches in elderly patients.
The goal of oncogeriatrics is twofold: to control the cancer in the most effective way possible, and preserve for as long as possible the autonomy of the elderly patient. To evaluate patients, the geriatrician can use the simplified geriatric evaluation (SGE). The SGE is based on the evaluation of medical problems (comorbidities) and the functional status (measurement of the patient's incapacities). The SGE also includes the evaluation of cognitive, psychosocial, nutritional, and environmental status. The role of the geriatrician in oncology differs depending on the type of tumor and the stage of the disease. In the case of glioblastoma, the prognosis of the disease often supersedes that of other age-related conditions. The role of the geriatrician is to improve the overall management of the patient and sometimes help determine which patients can receive aggressive treatment. The role also includes improving the management of side effects in this specific population. We performed a comprehensive review of the submit your manuscript | www.dovepress.com
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Diagnosis
Histological and molecular alterations
Glioma tumor cells can be derived from neural stem cells, progenitor cells, or from dedifferentiated mature neural cells. However, the actual World Health Organization classification is based on the classification of mature cells and distinguishes between astrocytomas, oligodendrogliomas, and mixed oligoastrocytomas. 4 Histological grading depends on tumor cell differentiation, cellularity, cytonuclear atypia, mitotic activity, microvascular proliferation, and necrosis, leading to the discernment of low-grade gliomas (grade II), anaplastic gliomas (grade III), and glioblastoma (grade IV) in order of increasing aggressiveness. The natural history of low-grade glioma is to progressively transform to grades III and IV.
Several molecular alterations have been identified. One of the most important is the 1p19q codeletion, which has prognostic and predictive value in the progression of glioma. 5, 6 Tumors that contain this translocation of 19q to 1p have been shown to be associated with an oligodendroglial phenotype, a slower course of the disease, and a better response to chemotherapy. However, this molecular alteration has not been specifically evaluated in the elderly population.
Methylation of the O 6 -alkylguanine deoxyribonucleic acid alkyltransferase (MGMT) promoter has been described to be associated with a better prognostic value and potentially a better response to alkylating agents. A study of 233 glioblastoma patients aged $70 years found an MGMT methylation rate of 57.5%. 7 It seems that elderly patients with methylated MGMT tumors presented with longer progression-free survival (PFS) and overall survival (OS) and were more likely to benefit from chemotherapy. 8 Isocitrate dehydrogenase 1 (IDH1) mutations have been reported to be expressed in low-grade, anaplastic glioma, and secondary glioblastoma. This mutation is associated with better clinical outcomes for patients. However, a recent molecular analysis performed in an elderly population revealed that only 2% of patients had the IDH1 mutation, precluding the determination of an association between IDH mutation and outcome for these patients. 9 Other molecular alterations have been reported by the Cancer Genome Atlas Research Network, providing new insights into the role of ERBB2, NF1, and TP53. 10 Presence of the TP53 mutation and its overexpression is frequently associated with the astrocytic phenotype, but their prognostic implication remains unclear, as well as the implication of the epidermal growth factor receptor (EGFR) amplification observed in 45% of glioblastoma cases.
Recently, a histone mutation has been described in histone H3.3 (H3F3A), but this was absent in all elderly patients sequenced. 9 This mutation seems to be positively associated with glioma of pediatric or young adult patients. Numerous other molecular alterations have been linked to glioma, such as the vascular endothelial growth-factor pathway, which is suspected to be increased in primary glioblastoma of older patients. 11 These molecular alterations have been implicated in invasion, signal transduction, cell-cycle control, angiogenesis, and cell metabolism. Finally, altered expression levels of several micro-ribonucleic acids were identified in glioblastoma, representing promising therapeutic targets in this pathology. 12 In elderly patients, the prevalence of MGMT methylation is of a similar level to that reported in young patients. The gliomas of elderly patients largely lack the favorable prognostic markers established in younger patients, which may explain the overall worse prognosis among elderly patients. 9 epidemiology Gliomas account for 70% of primary brain tumors in adults, with an incidence of six cases per 100,000 patients per year. Glioblastomas represent approximately 50% of gliomas, while grade III (anaplastic) and grade II gliomas each represent 25% of other glioma tumor cases. 13 Patients aged $65 years represent a third of all glioblastoma patients, and their total number is increasing. 1, 2, 14 Elderly people have been reported to have a 3.18-fold higher relative risk of brain tumor compared with young adults. 14 Chakrabarti et al 2 reported age-specific incidence rates among males aged 70-74 years and females aged 75-79 years and found that males had a 60% increased risk of brain tumors. Low-grade gliomas (grade II) are less frequent in the elderly population than in the younger population, and glioblastomas in elderly people represent one-third of total glioblastoma diagnosis. 15 In this specific population, pilocytic astrocytomas are extremely rare. 16 
etiology
The etiology of glioma is unknown in $90% of cases. Previous exposure to ionizing radiation is one of the few known risk factors. Radiofrequency electromagnetic fields emitted by mobile phones have been suspected as a risk factor. However, a recent epidemiological analysis did not find a correlation between mobile phone exposure and increased risk of glioma development. 17 Genetic predisposition to glioma is a well-known risk factor, but this is rare and mainly 
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High-grade glioma in the elderly affects young patients (eg, type 1 or type 2 neurofibromatosis, Li-Fraumeni syndrome, tuberous sclerosis, Turcot syndrome, Cowden syndrome).
Clinical and radiological features
There is a tendency among elderly patients to underestimate their symptoms, which are often attributed to aging or other preexistent pathologies. Clinical features can also be confusing and cause delays in diagnosis. In a retrospective study of 393 elderly glioblastoma patients, the most common symptoms at diagnosis were cognitive changes, language changes, and hemiparesis. 18 Headache and seizure or intracranial hypertension were observed less often at the time of initial presentation. In 6% of patients, a fall was the first symptom. Differential diagnosis must be made with cognitive deterioration due to dementia or delirium due to other nonspecific medical conditions (eg, infection or pain). Few cases are asymptomatic, and patients are diagnosed using neuroimaging. 18 Neuroimaging has improved during the last 20 years. 19 Standard magnetic resonance imaging (MRI) remains the basic tool to diagnose glioma and monitor treatment response. Conventional T 1 sequence with and without contrast and T 2 /fluid-attenuated inversion recovery sequences remain the gold standard to describe new lesions and inform about malignancy criteria. Response evaluation is based on these MRI sequences, clinical symptoms, and steroid use. 20 Recent MRI advances can improve the probability of tumor diagnosis with multimodal imaging, providing information about cellularity, metabolism, and angiogenesis of the lesion. Diffusion-weighted imaging can assess tumor cell density and differentiate brain tumors from brain abscesses. Proton magnetic resonance spectroscopy can estimate the proliferation rate of tumor cells (N-acetylaspartate and choline) and necrosis (lipids or lactates). Perfusion MRI can assess the vascularization level of a lesion, providing information about the malignancy of the tumor. 19 Another imaging approach consists of metabolism evaluation using positron emission tomography with radiolabeled tracers to detect high-grade malignancy, tumor recurrence, or residual disease after treatment.
Prognostic factors
The phenotype (astrocytic or oligodendrocytic) and grade are strongly correlated with outcome. In elderly patients with low-grade astrocytoma or oligodendroglioma, median OS is 9 and 57 months, respectively. For anaplastic glioma, median OS is between 4 and 9 months, according to the phenotype. 21 The most important clinical prognostic factors remain age and performance status. 3 Elderly patients have a worse prognosis compared with younger patients. [22] [23] [24] Populationbased studies have shown that elderly patients are less likely to receive surgical resection, radiotherapy (RT), and adjuvant chemotherapy. Therapeutic approaches are directly influenced by the other prognostic factors (age, grade, Karnofsky performance status [KPS] , and comorbidity). 25, 26 Worse prognosis in elderly glioblastoma patients may be linked to different patterns of care.
After Mohan et al in 1998, 27 in 2003 Glantz et al 28 confirmed that performance status scores of ,70 in elderly glioblastoma patients (using the KPS approach) were associated with poorer survival. 18 Since then, a KPS score of .70 has been the cornerstone used to develop clinical trials for elderly glioblastoma patients.
In a recursive partitioning analysis estimation, Scott et al 29 identified in three cohorts of elderly glioblastoma patients four prognostic subgroups according to type of surgery, age (./,75), and KPS score (./,70).
Management Surgery
Surgery remains the first-line management strategy for primary cerebral tumors. Obtaining histological proof of the tumor is necessary to confirm diagnosis, determine the tumor subtype, and evaluate the occurrence of molecular alteration. When possible, maximal resection is recommended for tumors as an initial treatment to reduce symptoms from mass effect and possibly to increase the efficacy of adjuvant treatments, thereby improving survival. In numerous studies concerning small retrospective or prospective cohorts of patients, the extent of resection is an important prognostic factor for elderly patients in correlation with PFS and OS. 8, 21, 30, 31 Neurosurgery in elderly patients is inherently risky, with postoperative hemorrhage occurring in 6% of elderly patients, 24 which is more frequent than in younger patients. In a retrospective cohort study, Vuorinen et al 32 reported the outcomes of 30 elderly patients undergoing biopsy or tumoral resection and found a significant difference in survival between the two groups. As this was not a randomized trial, the results were not conclusive. An ongoing French Phase III trial is addressing this important issue and evaluating the benefit of surgical resection versus biopsy in elderly patients.
A promising complementary surgical approach is the implantation of carmustine-containing polymers in the tumor 
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Radiotherapy
In 2007, a Phase III randomized trial conducted by KeimeGuibert et al 35 showed that in elderly glioblastoma patients with good KPS scores (.60), RT alone increased median survival by 3 months without altering the quality of life or the cognition of the patient, in comparison with the best supportive care. In this study, the RT schedule consisted of focal irradiation in daily fractions of 1.8 Gy, which was administered 5 days per week, with a total dose of 50 Gy. No severe adverse events related to RT were reported. Since then, RT alone has been considered the standard of care for fit elderly patients.
Hypofractionated RT is an interesting alternative for unfit elderly patients because it shortens treatment duration. Several retrospective or early prospective studies report the feasibility of this approach in elderly glioblastoma patients. 36, 37 Two RT schedules were compared in a Phase III randomized study: standard RT of 60 Gy in 30 fractions over 6 weeks versus a shorter course of RT of 40 Gy in 15 fractions over 3 weeks in elderly patients. There was no difference in survival between the two groups. 38 
Chemotherapy
For patients with poor KPS scores, temozolomide (TMZ) has been associated with prolonged response duration and favorable toxicity profile. 39 The recent Phase II trial of the Association des NeuroOncologues d'Expression Française (ANOCEF) group evaluated the benefit of TMZ in elderly patients (aged .70 years) with poor performance status (KPS ,70). TMZ was associated with an improvement of functional status in 33% of patients and with potential increased survival compared with supportive care alone, particularly for patients with methylated MGMT promoter. The toxicity profile has been shown to be acceptable, with mainly hematological toxicity. 40 A more recent Phase III trial 8 compared the benefit of chemotherapy alone (TMZ) versus RT alone for malignant astrocytoma in elderly patients. 8 A total of 373 patients aged $65 years with a KPS score $60 were enrolled. There were no significant differences between the TMZ and RT groups in terms of event-free survival (EFS) and OS. In this study, MGMT promoter methylation was associated with longer OS. Moreover, EFS was longer in patients with MGMT promoter methylation who received TMZ than in those who underwent RT, whereas the opposite was true for patients without MGMT promoter methylation. Despite this, RT remains the standard of care for patients with KPS scores $70. MGMT promoter methylation could be a useful predictive biomarker in this patient population. Another Phase III trial 41 randomized patients aged $60 years into three groups: those administered RT of 60 Gy in 30 fractions, those administered RT of 34 Gy in ten fractions; and those administered TMZ. In comparison with the standard RT schedule, median OS was significantly longer with TMZ (8.3 months versus 6.0 months) but not with hypofractionated RT (7.5 months). Similar results were found for patients aged $70 years. A short course of RT should be preferred for elderly patients, and MGMT methylation status was an important prognostic factor for patients treated with TMZ.
A procarbazine, lomustine, and vincristine protocol was approved as a first-line therapy for anaplastic glioma, but was not specifically evaluated in elderly patients. 5, 6 Some of them have been included in retrospective and prospective trials. 42 The toxicity profile was significantly worse, with severe hematological and neurological side effects.
At relapse, few drugs have been specifically evaluated. In a retrospective study of 65 selected elderly patients, fotemustine showed a disease-control rate of 43%. However, this schedule was associated with significant hematological toxicity, thus limiting its routine use. 43 Carmustine has a low response rate and limited hematological toxicity. 44 Enhanced risk of hematological toxicity prevents its use in elderly patients. 45 
Concomitant treatments
After maximal resection, the standard of care for young patients is a combination of RT and concomitant and adjuvant TMZ. 46 In elderly patients, this protocol was applied with or without doses of RT adaptation (Table 1) . Preliminary results are encouraging, with good tolerance profiles. The pooled data of four prospective Phase II trials that included only elderly patients in good general health showed median PFS and OS of 10 and 13 months, respectively, with mild acute toxicity. 47 RT with concomitant and adjuvant TMZ for elderly patients was significantly associated with improvement or stability in most quality-of-life domains. 48 
Targeted therapy
Among targeted therapies, bevacizumab shows very encouraging results in GBM and is under investigation in Phase III trials in a first-line setting in young patients (Roche-sponsored AVAglio [BO21990] and Radiation Therapy Oncology Group [RTOG] 0825). Preliminary results suggest a clinical benefit after bevacizumab administration for all patients in the elderly population. Two previous studies 11, 49 have reported a potential advantage in older patients in terms of survival. Our retrospective institutional study failed to reproduce similar results. 50 Recent results of a French Phase II trial 51 did not find benefits of bevacizumab in addition to TMZ for elderly patients with altered general status. The potential role of bevacizumab remains unknown among elderly patients.
Supportive care
Supportive care plays a major role in the management of glioma in elderly patients. Corticosteroids and antiepileptics (AEs) are mainly used in these patients to limit tumoral edema, improve functional status, and control headaches. Moreover, the corticosteroid dose is a marker of response in the response evaluation of Revised Assessment in Neurooncology criteria as a surrogate marker of tumor behavior and cerebral tolerance. In elderly patients, long-term corticosteroid treatment is associated with severe systemic complications (mainly osteoporosis [16%] and hypertension [12%], but also diabetes and psychiatric problems).
52
AEs are systematically used for a short time after cerebral surgical resection of a lesion. There is no indication for systematic use of AEs for primary prevention in patients with no history of seizures. However, in cases of seizure linked to tumoral process, use of AEs is mandatory. A recent publication has reported a potential beneficial effect of valproate acid, depending on histone deacetylases-inhibitor effect of this AE. Valproate acid use during RT for GBM was associated with improved OS, independently of RTOG recursive partitioning analysis, seizure history, and concurrent TMZ use.
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Individual patient factors
Besides the tumor itself (location, type, histological grading, genetic modifications [deletion at 1p19q and MGMT promoter methylation]), patients' individual characteristics are very important factors in defining the therapeutic strategy in elderly glioblastoma patients.
One of the most important decisional markers is the performance status, assessed using the KPS index. 54 For older patient with KPS scores .70, RT is the standard treatment, 35 whereas for those with altered health status (KPS score ,70), chemotherapy alone is recommended. 39, 40 Comorbidities and medical history of patients impact therapeutic decisions, particularly in elderly patients. RT can induce a progressive decline in attentional functioning. 55 Neurological radiotoxicity (progressive decline in attentional functioning after cerebral radiotherapy) 55 is increased in elderly patients, particularly in those with cardiovascular history. In this population, chemotherapy is the preferred treatment option.
Age and comorbidities impact surgical decisions: anticoagulant or antiaggregate treatment can preclude elderly patients from surgery. Moreover, elderly patients may be more strongly exposed to side effects of GA. 56, 57 Some comorbidities preclude elderly patients from receiving chemotherapy (eg, dysmyelopoietic syndrome, myeloid anomalies, and renal or hepatic disorders), while bevacizumab is prohibited in cases of embolic events or those with a history of arterial disorders.
Principal drug interactions implicate AE treatment, some of which are enzymatic inductors. These characteristics lead 
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Future perspectives
The treatment of glioblastoma in elderly patients is expected to progress, with new treatments (eg, targeted therapy combined with chemotherapy), combinations of treatments, and new treatment strategies (eg, a specific vaccine against a mutated oncogene [EGFRvIII], which showed promising results in a Phase II trial). Only specific clinical trials designed for elderly patients can enable such progress.
To improve further the management of elderly glioblastoma patients, the geriatrician's involvement is required. Comprehensive geriatric evaluation (CGE) can assess elderly patients, who tend to be more heterogeneous than their younger counterparts, not only owing to comorbidities and physical and psychological disabilities but also owing to the generally poorer social and economic conditions under which they live. These factors make their assessment, diagnosis, prognosis, and treatment more difficult.
At the time of initial diagnosis, CGE can help to define elderly patients more accurately than the KPS score. Patients with recent functional impairment linked to the tumor itself and few comorbidities could be treated aggressively, even if their KPS score is poor. However, frail patients with previous loss of autonomy linked to severe comorbidities should be recommended less aggressive treatments.
During the course of treatment, the geriatrician can help to manage polypharmacy and drug interactions, thus limiting iatrogenic events, which are frequent in elderly patients. The geriatricians with their global approach toward patients, including the social environment and carers, can play an important role in maintaining quality of life in elderly glioma patients.
To improve further the management of elderly cancer patients in Marseille, the OncoGeriatric Coordination Unit (UCOG) has issued general guidelines of conduct and basic clinical practice, 58, 59 ie, the "OncoGeriatric Charter". This charter is adopted by UCOG's coordinators and health institutions and is available via the Internet to all facilities and services who are interested. Helping to homogenize practices in elderly cancer patients, the OncoGeriatric Charter is a step toward a true collaboration between geriatricians and oncologists to the benefit of elderly patients.
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